Introduction
============

Globally, \~390,000 new cases and 150,000 deaths due to bladder cancer are reported each year.[@b1-ott-11-4641] In 2017, there were 79,030 new cases in the USA.[@b2-ott-11-4641] Among middle-aged and older men, bladder cancer is the second most common type of cancer after prostate cancer.

In developed areas of the world, such as Western Europe and North America, bladder cancers are predominantly urothelial. About 70% of new urothelial bladder cancer cases are classified as NMIBC, including Ta, T1, and Tis tumors, which account for \~70%, 20%, and 10% of NMIBCs, respectively.[@b3-ott-11-4641] These tumors are usually diagnosed by cystoscopic visualization and treated by transurethral resection of bladder tumor (TURBT). An estimated 40%--80% of NMIBC recur within 6--12 months when managed with TURBT without additional therapy, and 10%--25% of the patients progress to muscle invasive, regional, or metastatic disease.[@b4-ott-11-4641] Intravesical therapy enables delivery of high local concentrations of a therapeutic agent within the bladder, which could potentially destroy viable tumor cells that remain following TURBT. Intravesical therapy is generally used as adjuvant therapy following TURBT.

BCG, an attenuated form of *Mycobacterium bovis*, is the most commonly used agent for intravesical therapy. Gemcitabine (Gem) is a relatively new anticancer drug with activity against metastatic bladder cancer. Intravesical Gem is efficacious and potentially safe for NMIBC patients as it offers complete tumor remission in 23%--56% of patients and 1-year recurrence-free survival in up to 21% of patients.[@b5-ott-11-4641]--[@b8-ott-11-4641]

In 2012, a systematic review indicated that Gem had similar effects to BCG in NMIBC patients, but its safety profile was not reported.[@b9-ott-11-4641] Only 3 randomized controlled trials (RCTs) were included in the review and no meta-analysis was performed. Moreover, the results from studies comparing the efficacy and safety of intravesical Gem with BCG in NMIBC patients have not yielded a consistent conclusion. Some studies found significant differences between the 2 treatments, while others did not find any significant difference. Therefore, we carefully designed a meta-analysis to clarify the differences, in terms of efficacy and safety, between Gem and BCG in NMIBC patients.

Methods
=======

Search strategy
---------------

To search for all the studies that compared intravesical Gem and BCG, we conducted a comprehensive literature search on PubMed, EMBASE, the Cochrane Library, and [ClinicalTrials.gov](http://ClinicalTrials.gov) (<http://ClinicalTrials.gov/>) for reported clinical trials published up to April, 2018. The search terms included: "Gemcitabine," "BCG," "Bacille Calmette-Guérin," "bladder cancer," "bladder carcinoma," "bladder tumor." All studies performed in humans were included. We also screened all the reference lists of the retrieved articles. We also retrieved additional studies by handsearching in relevant journals. Only studies published in English were included.

Inclusion criteria and exclusion criteria
-----------------------------------------

Studies were selected according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement.[@b10-ott-11-4641] Clinical trials that met the following criteria were included: Randomized Phase II, III, and IV trialsAdults with NMIBC (Tis, Ta, or T1) who underwent TURBT and received intravesical therapy for the treatment of bladder cancerParticipants who received intravesical Gem compared to BCGEvents and event rates and sample sizes available for drug efficacy and safety.

Exclusion criteria were as follows: 1) reviews, 2) animal research, 3) studies with overlapping data, and 4) studies without odds ratio (OR), risk ratio (RR), or hazard ratio (HR) with 95% CI.

Data extraction and quality assessment
--------------------------------------

The literature screening, data extraction, and quality assessment of the trials were independently conducted by 2 reviewers. If reviewers disagreed, a third reviewer intervened until a consensus was reached. The following information was extracted from each article: first author's name, year of publication, study type, journal, underlying disease, trial phase, number of enrolled patients, treatment and control cohort, the number of patients with recurrence, progression, and events of adverse effects. The quality of the methodology in each trial was assessed according to the Jadad criteria.[@b11-ott-11-4641] The quality of each included trial was graded, with high-quality trials classified as those with a score ≥3 and low-quality trials classified as those with a score of ≤2. The quality of the methodology in retrospective studies was assessed by the Newcastle--Ottawa Scale criteria (<http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp>) (range 0--9 stars). The quality of each trial included was graded, with high-quality trials classified as those with a score ≥7 stars.

Statistical analysis
--------------------

Data on patients with recurrence, progression, and events of adverse effects were extracted from all of the included trials, and the RR and 95% CIs were calculated to assess the strength of the association of these 2 drugs with risk of recurrence, progression, and adverse events. The heterogeneity test was assessed by the *Q* statistic and *I*^2^ statistic. *I*^2^\>40% indicated statistically significant heterogeneity and that the statistical method should be changed to random-effect model. In other cases, a fixed-effect model was used. Analysis of subgroups was carried out according to clinical characteristics. Sensitivity analysis was performed to examine whether the findings in the meta-analysis were robust. Publication bias was investigated by a Begg modified funnel plot. An asymmetric plot suggested possible publication bias. Funnel-plot asymmetricity was assessed by the method of Begg adjusted rank correlation test[@b12-ott-11-4641] and Egger regression test.[@b13-ott-11-4641] A statistical test with a *p*-value \<0.05 was considered significant. All statistical analyses were performed by using STATA statistical version 12.0 (Stata Corporation, College Station, TX, USA). All *p*-values were 2-sided.

Results
=======

Characteristics of studies included in this study
-------------------------------------------------

Our search yielded a total of 545 potentially relevant clinical trials of bladder cancer with intravesical Gem therapy. After reviewing and screening, 5 primary studies, which included 386 subjects, met our inclusion criteria[@b14-ott-11-4641]--[@b18-ott-11-4641] and were pooled for the meta-analysis ([Figure S1](#SD1-ott-11-4641){ref-type="supplementary-material"}). The baseline characteristics of each trial are shown in [Table 1](#t1-ott-11-4641){ref-type="table"}; 3 RCTs and 1 retrospective controlled trial were included. All trials included were open label. The quality of the included RCTs (Jadad scores) ranged from 1 to 5, while the score of the 1 retrospective controlled trial was of high-quality with Newcastle--Ottawa Scale score of 8. According to the eligibility criteria of the majority of the trials, patients with impaired renal, hepatic, or bone marrow function were excluded and most of the patients had Eastern Cooperative Oncology Group performance status scores of 0 or 1 (on a scale from 0 to 5, with higher scores indicating greater disability). The guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement were followed in this meta-analysis.

Recurrence risk of intravesical Gem and BCG therapy
---------------------------------------------------

A total of 283 subjects who were treated with Gem or BCG in 4 trials were used for the analysis of recurrence risk. As shown in [Figure 1](#f1-ott-11-4641){ref-type="fig"}, the overall recurrence RR between Gem and BCG therapy was 1.17 (95% CI: 0.83, 1.67, *I*^2^=10.3%). The results showed no statistical difference in recurrence risk between intravesical Gem and BCG (*p*=0.367).

Progression risk of intravesical Gem and BCG therapy
----------------------------------------------------

A total of 283 subjects that were treated with Gem or BCG in 4 trials were used for the analysis of progression risk, which is an important indicator of curative effects. As shown in [Figure 2](#f2-ott-11-4641){ref-type="fig"}, the overall progression RR between Gem and BCG therapy was 1.02 (95% CI: 0.41, 2.56, *I*^2^=0%). The results showed no statistical difference in the progression risk between intravesical Gem and BCG (*p*=0.961). Data from the Porena et al's[@b14-ott-11-4641] trial was excluded automatically by STATA software, because the progression rate in both Gem and BCG groups was 0%.

Adverse effects of intravesical Gem and BCG therapy
---------------------------------------------------

A total of 386 subjects who were treated with Gem or BCG from 5 trials were used for the analysis of adverse effects (dysuria, fever, hematuria, and any adverse events). As shown in [Figure 3](#f3-ott-11-4641){ref-type="fig"}, the RR for overall dysuria, fever, hematuria, and any adverse events between Gem and BCG therapy were 0.31 (95% CI: 0.16, 0.61, *I*^2^=0%), 0.42 (95% CI: 0.12, 1.39, *I*^2^=0%), 0.27 (95% CI: 0.11, 0.71, *I*^2^=0%), and 0.55 (95% CI: 0.25, 1.20, *I*^2^=63.9%), respectively. Patients receiving intravesical Gem therapy had significantly lower incidence of dysuria and hematuria compared to those receiving intravesical BCG treatment (*p*=0.001 and 0.008, respectively). However, there was no statistical difference in risk of fever and any adverse events between intravesical Gem and BCG (*p*=0.153 and 0.134, respectively). Although the result of any adverse events showed heterogeneity (*I*^2^=63.9%, *p*~heterogeneity~=0.040), sensitivity analysis confirmed that this conclusion was robust ([Figure S2](#SD2-ott-11-4641){ref-type="supplementary-material"}).

Sensitivity analysis
--------------------

As shown in [Figure S2](#SD2-ott-11-4641){ref-type="supplementary-material"}, the influential analysis showed that no particular study affected the overall significance of the pooled estimates and the findings in the meta-analysis were robust.

Publication bias
----------------

As shown in [Figure S3](#SD3-ott-11-4641){ref-type="supplementary-material"}, the shape of the funnel plot did not display any evidence of apparent asymmetry. Furthermore, the formal tests showed no evidence of significant publication bias (*p*=0.734 for the Begg's test; *p*=0.508 for the Egger's test).

Discussion
==========

BCG is the most commonly used agent for adjuvant intravesical therapy in NMIBC patients after TURBT. A number of other intravesical agents have been compared with BCG; most were inferior and none were found to be superior.[@b19-ott-11-4641]--[@b23-ott-11-4641] Three relatively small randomized trials were pooled to compare the efficacy of Gem with BCG, but the safety aspect was not mentioned and no meta-analysis was performed.[@b24-ott-11-4641] Until now, the results of these trials are not compelling enough to support any definitive conclusions about the usage of Gem. Here, we performed a meta-analysis on the efficacy and safety of intravesical Gem and BCG in NMIBC patients based on 5 clinical trials which included a total 386 bladder cancer patients. Our results indicated that 1) there was no statistical difference in recurrence risk between intravesical Gem and BCG; 2) there was no statistical difference in progression risk between intravesical Gem and BCG; and 3) intravesical Gem therapy had significantly lower incidence of dysuria and hematuria compared to BCG, but there was no statistical difference in risk of fever and any adverse events. However, these conclusions should be interpreted with caution and need to be verified in future studies.

When bladder cancer is confined to the lining of the bladder, surgical removal of the tumor is the first treatment choice. However the tumors may recur, hence intravesical therapy in which agents are instilled directly into the bladder to prevent tumor recurrence is often used following surgery. BCG is a classical intravesical agent used to prevent recurrence by stimulating the body's immune system to kill any residual cancer cells[@b25-ott-11-4641]--[@b27-ott-11-4641] or by acting directly on the tumor cells.[@b28-ott-11-4641] A relatively new drug in this disease is Gem. In a 2007 meta-analysis, a single-dose postoperative instillation of chemotherapy provided an average absolute benefit of 17% reduction in early tumor recurrence.[@b29-ott-11-4641] Until now, there is no consensus on which drug may offer results that are superior to BCG. Therefore, intravesical BCG remains the standard regimen for NMIBC patients. However, as was shown in this meta-analysis, intravesical Gem might have similar efficacy to BCG. In addition to efficacy, clinicians also pay attention to adverse effects. This meta-analysis showed that intravesical Gem might have lower incidence of dysuria and hematuria, indicating that it may offer good side effect profile for clinical use. However, only few studies were included in this meta-analysis, and therefore more high-quality RCTs are required to confirm these results.

The results of our study are in general agreement with those performed by Shelley et al.[@b9-ott-11-4641] In the systematic review, it was found that intravesical Gem had similar efficacy to BCG. But a meta-analysis was not performed and the safety between the 2 drugs was not compared. Our study compared the safety of these 2 drugs, and a meta-analysis was performed to draw more comprehensive results. Moreover, our study included more relevant articles; although the total number of studies included was still small, the findings from this analysis might stimulate further investigations.

It is known that the risk of recurrence and prognosis are different between Ta and T1 NMIBC, and the ratio of Ta and T1 may affect the recurrence risk. In line with results from the trial of Bendary et al[@b17-ott-11-4641] included in this meta-analysis, the Ta group had a recurrence rate of 26.31% in BCG group and 22.22% in Gem group. The T1 group had higher recurrence rate of 33.33% in BCG group and 27.27% in Gem group.[@b17-ott-11-4641] Although the ratio of Ta and T1 in the trials included was different, this study used the overall recurrence risk since there was no statistically significant difference between Gem and BCG group in each trial. Since we currently lack relevant RCTs to compare recurrence risk of BCG and Gem in either Ta or T1 group separately, we could not draw any conclusion about which drug has a lower recurrence risk in Ta or T1 group. All intravesical therapies may cause bladder irritation (such as dysuria and hematuria). In addition, systemic effects may occur if the agent is absorbed through the mucosa. In a systematic review, toxicities associated with intravesical BCG included increased urinary frequency (71%), cystitis (67%), fever (25%), and hematuria (23%).[@b30-ott-11-4641] In this meta-analysis, the results showed that Gem had a significantly lower incidence of dysuria and hematuria. Although these results should be interpreted with caution, they suggest that Gem might be a promising agent for NMIBC patients.

Despite the proven efficacy of intravesical therapy, some patients experience tumor recurrence. In such cases, cystectomy is considered for treatment, or additional intravesical therapy is used for patients who refuse cystectomy or are not medically fit for cystectomy. In recent years, several studies on combination therapy of Gem and other chemical agents for intravesical therapy in patients with NMIBC have be published, such as mitomycin.[@b31-ott-11-4641]--[@b33-ott-11-4641] Usage of many drugs with different mechanisms increases the chances of killing tumor cells and decreases the chances of cell resistance to therapy. Although the combination of intravesical Gem and mitomycin might increase the incidence of adverse events, it may offer long-term recurrence-free survival to some patients with recurrent NMIBC who refuse cystectomy or are not fit for cystectomy. Consequently, more high-quality RCTs to confirm the effectiveness of combination intravesical therapy for NMIBC patients are advocated.

Publication bias may introduce false-positive results in a meta-analysis. Therefore, to avoid possible bias, all studies included were carefully assessed. Begg's and Egger's tests for detecting publication bias were performed, and no evidence of bias was found. Sensitivity analysis was performed to examine whether the findings of the meta-analysis were robust. The results showed that no particular study affected the overall significance of the pooled estimates and that the findings in this meta-analysis were robust. The results of sensitivity and publication bias analyses indicate that the conclusions of our study are credible.

The present meta-analysis should be interpreted with caution, and several limitations merit consideration. First, the number of clinical trials was small, especially due to the lack of high-quality RCTs to compare the recurrence risk of Gem and BCG in Ta or T1 group separately. Second, although the dosage and schedule of the 2 drugs in all 5 controlled trials included in this review were consistently used, more rigorously designed experiments are required. Third, the 5 clinical trials used in this analysis were not double-blinded, which may affect the outcomes. Fourth, publication bias cannot be entirely excluded, hence similar to other meta-analyses, publication bias might have the potential to distort the conclusion since all the included studies in this meta-analysis were in English and other small-sized studies were included.

Conclusion
==========

This meta-analysis indicates that intravesical Gem may have similar efficacy and lower incidence of dysuria and hematuria compared with BCG. More large-scale studies incorporating various covariates should be performed to further elucidate the efficacy and safety of Gem compared with BCG.
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###### 

Flow chart for eligible studies.

**Abbreviations:** RCTs, randomized controlled trials; Gem, gemcitabine; BCG, Bacille Calmette-Guérin; BC, bladder cancer.

###### 

Sensitivity analysis of all clinical trials included.

###### 

Publication bias risk.

**Abbreviations:** RR, risk ratio; se, standard error of the mean.
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![Annotated forest plot for meta-analysis of recurrence risk of intravesical Gem and BCG therapy.\
**Notes:** Summary of recurrence RR between intravesical Gem and BCG therapy were calculated with fixed-effect model. Size of squares is directly proportional to amount of information available.\
**Abbreviations:** BCG, Bacille Calmette-Guérin; Gem, gemcitabine; RR, risk ratio.](ott-11-4641Fig1){#f1-ott-11-4641}

![Annotated forest plot for meta-analysis of progression risk of intravesical Gem and BCG therapy.\
**Notes:** Summary of progression RR between intravesical Gem and BCG therapy were calculated with fixed-effect model. Size of squares is directly proportional to amount of information available.\
**Abbreviations:** BCG, Bacille Calmette-Guérin; Gem, gemcitabine; RR, risk ratio.](ott-11-4641Fig2){#f2-ott-11-4641}

![Annotated forest plot for meta-analysis of the risk of adverse effects for intravesical Gem and BCG therapy.\
**Notes:** Summary RR for adverse effects between intravesical Gem and BCG therapy (**A** dysuria, fever, hematuria, and **B** any adverse events) were calculated with fixed-effect model or random-effect model. Size of squares was directly proportional to amount of information available. Weights are from random-effects analysis.\
**Abbreviations:** BCG, Bacille Calmette-Guérin; Gem, gemcitabine; RR, risk ratio.](ott-11-4641Fig3){#f3-ott-11-4641}

###### 

Characteristics of all studies

  Study                                    Country               Stage    Number, Gem/BCG   Age (year), Gem/BCG   Interventions (weekly)   Outcomes             Follow-up (years)   Jadad *r* score   NOS score   
  ---------------------------------------- --------------------- -------- ----------------- --------------------- ------------------------ -------------------- ------------------- ----------------- ----------- ---------
  Bendary et al,[@b17-ott-11-4641] 2011    Egypt                 Ta--T1   40/40             56.2                  2,000                    6×10^8^ CFU          rr; PR; AE          2                 1           
  Porena et al,[@b14-ott-11-4641] 2010     Italy                 Ta--T1   32/32             70.2/68.7             2,000                    5×10^8^ CFU          rr; PR; AE          2                 5           
  Gacci et al,[@b15-ott-11-4641] 2006      Italy                 T1       9/10              74/73.6               2,000                    5×10^8^ CFU          rr; PR; AE          2                 1           
  Gontero et al,[@b16-ott-11-4641] 2013    Italy, Germany, USA   Ta--T1   61/59             67.4/67.5             2,000                    2.2--6.4×10^8^ CFU   rr; PR; AE          4                 3           
  Prasanna et al,[@b18-ott-11-4641] 2017   Australia             Ta--T1   51/52             78/77                 2,000                    5×10^8^ CFU          DFS; AE             1.25                          8 stars

**Abbreviations:** AE, adverse event; BCG, Bacille Calmette-Guérin; CFU, colony forming unit; DFS, disease-free survival; Gem, gemcitabine; PR, progression rate; rr, recurrence rate.
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